Objective: We sought to determine the validity of self-reported smoking activity versus two quantitative measurements of tobacco exposure in pregnancy. We hypothesized that pregnant women would under-report their daily smoking amounts, due to the negative social stigmas associated with such a behavior. Methods: Cigarette-smoking and non-smoking pregnant women were recruited as part of a larger research study. Pregnant women with a singleton baby (>24 weeks) were recruited at a clinical appointment or prior to an elective caesarian section. Self-reported smoking status, including time since last cigarette, was recorded. End-tidal breath carbon monoxide (ETCO) levels and urine cotinine levels were measured and compared. Results: Both normotensive nonsmoking (NTN) (n = 44) and normotensive smoking (NTS) (n = 24) pregnant women were recruited. A strong correlation was found between ETCO levels and urine cotinine measurements (r = 0.6566, p < 0.05). Self-reported smoking status in NTS was poorly correlated with ETCO levels (r = 0.5356, p < 0.05) and urine cotinine levels (r = 0.0324, p > 0.05). Conclusion: Self-reported smoking status accurately identifies women who smoke in pregnancy, but not their level of tobacco exposure. Urine cotinine or ETCO are much better quantitative measurements of nicotine and carbon monoxide, respectively, and should be measured for a more precise indicator of smoking activity. These devices will allow for better counseling and monitoring of women who are trying to quit smoking and/or who enter into smoking cessation programs.
INTRODUCTION
In Canada 17% of women smoked during their pregnancies from 1995-2001 [1] , despite the many adverse consequences, such as premature birth, low birth weight and cognitive abnormalities, that have been linked with maternal smoking [2] . Pregnancy seems to be the perfect opportunity for clinicians to offer anti-smoking advice, as women are frequently returning for appointments, and can be monitored regularly. Many clinicians rely on patient reporting to estimate tobacco exposure [3] [4] [5] [6] , however these reports are subject to error due to the possibility of false reporting [7] [8] [9] , second-hand exposure, an accelerated metabolism of cigarette by-products in pregnancy, and inconsistent smoking habits [10] . Further, quantifying smoking activity has become increasingly difficult as the number of cigarette brands, sizes and strength in toxicity have amplified in the last decade.
It can be extremely difficult to counsel patients on their smoking habits due to under-reporting or nondisclosure. McClure reported that the use of a biochemical method to validate smoking habits can more effectively motivate women to stop smoking in pregnancy [11] . Uses of biochemical markers of cigarette smoke absorption, such as the nicotine metabolite cotinine and exhaled end-tidal carbon monoxide (ETCO) levels have been suggested as more accurate measures than questionnaires, due to the objectivity of their measurements [7] .
Cotinine is a major metabolite of nicotine and possesses a longer half-life (19 hrs vs. 2 hrs, respectively) [12, 13] . Found in urine, saliva, serum and plasma [7] , cotinine is considered the marker of choice for objectively classifying tobacco smoking patients; its source is from nicotine metabolization [14] . There are a number of methods available to measure cotinine: colorimetric, chromatography and immunological [14] . Assay variability exists, however, and assay-specific cut-off values are necessary to differentiate smoking and non-smoking persons [7] .
Carbon monoxide (CO) is a major combustible product in cigarette smoke which binds rapidly to hemoglobin forming carboxyhemoglobin (COHb). The dissociation of COHb occurs at the lungs, where CO is exhaled.
Measuring the level of exhaled CO is an indicator of the subject's level of smoking, and it is well correlated with COHb levels [15, 16] also shown in our laboratory with pregnant women (Venditti and Smith, unpublished data). The half-life of CO is 3 -4 hrs, therefore this test is dependent on the time elapsed since last cigarette smoked, and is less reliable for low-level smoking [17] . Environmental sources of CO can contribute to a person's ETCO levels [7] ; although this is usually quite small and negligible compared to a smoker's CO levels. Due to its simple, quick and non-invasive fashion [15] , the ETCO measuring tool is a suitable device to use in a clinical setting.
As part of a larger research study, we recruited smoking and non-smoking pregnant women and evaluated two questions. Firstly, do pregnant women accurately report themselves as smokers or non-smokers and secondly, for those who do smoke, is self-reported smoking level accurately quantified? Using two well-known measurement tools of tobacco smoke exposure, we sought to determine if reported levels of smoking correlated accurately with quantitative assessment. We hypothesized that women who smoke during pregnancy would accurately selfidentify their smoking status, but would under-report their smoking levels, and therefore would not correlate well with either of the biochemical markers of tobacco exposure.
METHODS

Patient Recruitment and Selection
This research study was approved by Queen's University research ethics board (OBGY-165-06). Patients were recruited by research personnel prior to an elective caesarean section, during an inpatient stay or during a clinical visit with their obstetrician. Pregnant women (>24 weeks gestation) with a singleton baby were recruited into the study and classified as either normotensive cigarette-smoking (NTS) or normotensive nonsmoking (NTN).
Sample Collection
Following recruitment, each mother was interviewed and data was collected regarding smoking habits. All NTS subjects were asked about second-hand smoke exposure, as well as their smoking activity: 1) Number of cigarettes smoked per day; 2) Length of time since last cigarette; 3) Number of years having smoked. A urine sample and an ETCO breath sample were then collected from each patient.
1) Urine collection Urine (>10 ml) was obtained for measurement of cotinine levels. All urine samples were stored in sterile plastic containers at -80˚C until assayed, to prevent bacterial degradation; previously shown to degrade minimally when stored this way in excess of a year [18] . Samples were analyzed using a solid phase Cotinine enzyme-linked immunosorbent assay (ELISA) test (Calbiotech, CA, USA).
2) Expiratory End-Tidal Breath CO ETCO was measured using a portable automated breath analyzer (Bedfont scientific, England). The machine's methodology was previously explained by Vreman et al. [19] . Briefly, each patient was asked to hold their breath for 15 seconds and subsequently exhale completely into a disposable cardboard tube on the end of the CO breathalyzer. An automated CO level in parts per million (ppm) was calculated by the electronic device. The sensitivity and specificity of this device has been previously reported in pregnant women, with a cut off value set at 5 ppm to differentiate smokers and nonsmokers [20] . Using the reported time since last cigarette, we corrected the ETCO levels of each subject, assuming a 3 hr CO half-life [21] . These corrected values are used in all analyses.
Data Analysis
Data was analyzed using a D'Agostino and Pearson omnibus normality test for Gaussian distribution. Pearson product moment correlation (r), was used to describe the relative strength of the linear relationship between variables, and statistical significance was set at p < 0.05. We analyzed correlation coefficients with 1) both NTN and NTS and 2) only NTS data, to compare the difference between groups.
RESULTS
This study included 68 patients, 44 NTN and 24 NTS pregnant women with a mean gestational age (±SD) at the time of recruitment of NTN: 35.1 (±3.03), NTS: 32.52 (±5.11) and a mean maternal age (±SD) of NTN: 29.6 (±4.93), NTS: 27.8 (±5.8). All data sets were found to be normally distributed using the D'Agostino and Pearson Omnibus test.
All patients who smoked during pregnancy, when asked, correctly identified themselves as smokers. All nonsmoking pregnant woman also correctly identified themselves as non-smokers. All NTS subjects revealed that they were exposed to second-hand smoke on a regular basis. Data about smoking exposure and smoking habits is included in Table 1 (a) for NTS volunteers.
Urine cotinine and ETCO levels were measured for both NTS and NTN volunteers, and a strong correlation was found between the two measurements (r = 0.6566, p < 0.05), Figure 1 . Mean urine cotinine and ETCO levels for NTS and NTN volunteers is presented in Table 1 (b). In Figure 2 , we present the correlation of reported cigarettes smoked per day (NTN and NTS) with ETCO (Figure 2(a) ) and urine cotinine (Figure 2(b) ). When analyzed with both NTN and NTS, the reported number of cigarettes smoked per day was significantly correlated with ETCO breath sample (r = 0.8728, p < 0.05). The correlation, however, was much lower, but still significant, when analyzing only NTS data (r = 0.5356, p < 0.05). In Figure 2(b) , reported number of cigarettes smoked per day (NTS and NTN) was significantly correlated with urine cotinine measurements (r = 0.6690, p < 0.05). When analyzed using only NTS data, this correlation was not significant (r = 0.0324, p > 0.05).
(a)
DISCUSSION
The current study sought to evaluate the validity of selfreported smoking quantification among pregnant women. In addition to questionnaire data, we used two wellknown and non-invasive tools, urine cotinine analysis and an ETCO analyzer to evaluate tobacco exposure through indirect quantitative measurement. As previously reported, non-smokers should have cotinine ELISA levels below 200 ng/ml [7] ; all reported non-smokers were well below this level and reported smokers well above. In accordance with Usmani and colleagues [20] , these findings indicate that women who smoke during pregnancy are willing to reveal this information to their physician accurately. The level of smoking status, however, proved to be more complicated to evaluate, and NTS self-reported smoking quantification was not consistent with either of the biochemical tests.
The strong correlation between the ETCO samples and the urine cotinine levels (r = 0.6566, p < 0.05), indicated that the two quantitative measurements were in accordance with one another. As studies have previously reported on each of their accuracies [19, [22] [23] [24] this outcome was not surprising. Previous studies have used the Bedfont breathalyzer to measure levels of CO in NTS and NTN volunteers [25] . A concern for this test is the time frame for analysis relative to the volunteer's last cigarette; CO in the body has a half-life of three to four hours [21] . In our study, the mean elapsed time since last cigarette smoked was 1.85 hours, with the longest reported elapsed time being 4 hours. We also corrected for the reported time since the volunteer's last cigarette. Therefore, the recorded ETCO levels are believed to be as accurate as possible for each subject.
The correlation coefficients between self-reported smoking status and urine cotinine values (r = 0.6690, p < 0.05) as well as with ETCO levels (r = 0.8728, p < 0.05) were in agreement, when analyzing data for NTS and NTN as one data group. The correlation coefficients decreased considerably for both urine cotinine (r = 0.0324, p > 0.05) and ETCO (r = 0.5356, p < 0.05) and when the analysis was conducted for NTS only. While urine cotinine levels and ETCO did correlate with self-reported smoking status overall, they were relatively poorly correlated in those who did admit to smoking, suggesting that women underestimate or under-report their actual use during pregnancy.
The quantitative results for urine cotinine are similar to previous studies reported in the literature [22, 26] . In pregnancy, cotinine clearance is reported to increase to 140% non-pregnancy clearance rate [10] , therefore higher than normal cotinine levels are found in the urine of smoking pregnant women. The metabolic changes in pregnancy that affect the breakdown of cotinine are unclear [10] , although the half-life of cotinine is 9 hr in pregnancy [10] , compared to 17 hours in the non-pregnant population [13] . Jhun et al., found no significant correlation between urine cotinine and self-reported smoking habits in a smoking, pregnant population [27] . It has been shown that urine cotinine levels correlate more accurately with birth outcomes than do self-reported smoking status [28] . In accordance with our study, Klebanoff and colleagues showed that pregnant women accurately report themselves as smokers, but urine cotinine proved a more accurate marker of the level of tobacco exposure [28] .
The ETCO measurements, resulted in a low correlation coefficient with NTS self-reported smoking status, but this value was significant. Due to the strong correlation with urine cotinine values, one would expect both tests to correlate similarly with NTS self-reported smoking status. However, the ETCO test does not measure nicotine-only exposure, as does the urine cotinine test. Other combustible products such as marijuana [29] , environmental CO and fetal/maternal endogenous CO production may increase the ETCO reading [7] . The breathalyzer is known to be less accurate at lower scale values [17] , and with so many non-smoking volunteers in our study, this may have skewed the results slightly.
In the general public, false reporting of smoking habits is usually low [30] [31] [32] . The findings of our study, however, are based on a pregnant population, and the results in such a group are quite different. A study conducted in New Zealand found that 22% of pregnant women biochemically confirmed as smokers, when questioned, denied it. Further, there was a discrepancy between reported smoking amount and objective measure in 12% of the population [33] . Patrick et al. explains that smoking reports are generally accurate, but with intensity of antismoking environment comes an increase in false-reporting of smoking status. They found that in pregnancy, up to 25% of smokers falsely declare themselves as nonsmokers [30] , while another group found that pregnant smokers may declare a reduced consumption of smoking [34] .
Ultimately, the correlation between urine cotinine and ETCO levels was better than that of each test with NTS reported cigarette-smoking amount. This may be due to the generalized reports of smoking levels in clumps of 5, 10, 15 or 20 cigarettes per day, or 1 4 , 1 2 , 3 4 pack per day; or as others have reported, it may be due to the different smoking puff patterns between individuals, yielding more or less nicotine/cigarette [17, 35] . Although the number of cigarettes smoked may seem to be under-reported in the pregnant population, it is impossible to determine puff length (length of time one inhales on a cigarette per breath) per cigarette; cigarette number may decrease, but puff length may increase, therefore maintaining or even increasing nicotine exposure [36] . Additionally, the actual amount of a cigarette each subject smoked could be variable. Therefore, women may not be under-reporting the number of cigarettes smoked per day, but rather correcting for the decreased nicotine intake, by puffing longer and more strongly on each cigarette. In this way, women would maintain their nicotine levels (biochemical markers), and the biochemical tests then, would not correlate well with self-reported smoking status.
There are limitations to this study. Specifically, women
were not questioned about their use of other sources of nicotine, namely a nicotine patch. This may have added variability when measuring the urine cotinine levels, and may have contributed to the non-smokers who measured small amounts of cotinine in their urine. While all women who identified themselves as smokers also confided that they were regularly around second hand smoke, non-smokers were not questioned on this information and this may explain the eight NTN women with ETCO levels at 3 and 4 ppm, and may have impacted on the NTN urine cotinine levels (though in reality they were all below the cut off levels for smokers). Finally, we did not question NTN or NTS women about other tobacco exposures such as chewing tobacco. Our findings have implications for clinical practice, as well as clinical studies where self-reported smoking status is used to comment on the causes and effects of smoking. Using objective, quantitative tests allows physicians and researchers a further method of verifying smoking activity, as well as a more convincing tool to offer smoking cessation advice. In addition, these tools could be used to monitor smoking cessation programs for pregnant women.
CONCLUSION
We believe self-reporting questionnaires are appropriate for use in categorizing pregnant smokers and non-smokers, as women tend to accurately identify themselves into each of the categories [20, 34] . The problem lies in the amount of cigarette smoking, and therefore tobacco exposure, that women disclose to their physician. In this study, we showed that both quantitative tests strongly correlated with one another, but did not match the selfreported smoking levels reported by the NTS patients. As a stronger indication of tobacco exposure, the urine cotinine test is a precise and minimally invasive technique to achieve reliable quantitative results. However, in view of the time constraints of a clinical setting, we suggest the use of the ETCO breathalyzer as a rapid measurement tool, where immediate results can be used to further counsel patients and offer anti-smoking advice. This device is currently used in Scotland with all pre partum patients [20] . Women whose ETCO is above 5 ppm are all referred to smoking cessation support programs. We hope that physicians will consider using this device as an additional means of counseling patients about smoking during pregnancy.
